History of Chloride Control in the Wichita River Basin
In 1957, the U.S. Public Health Department (now the U.S. Department of Health and Human Services) and U.S. Army Corps of Engineers (USACE) investigated the sources of the high chloride concentrations in the Red River Basin and identified 10 major source areas of chlorides and other salinity-related constituents in the Red River Basin, including several headwater areas in the Wichita River Basin. Three of the 10 source areas with high chloride concentrations and other salinity-related constituents (salt springs), designated by USACE as areas VII, VIII, and X, are along the three major forks of the Wichita River upstream from Lake Kemp ( fig. 1 ). The Red River Chloride Control Project was implemented by Congress in 1959, who directed the USACE to develop a plan to control the natural chloride discharges from the high chloride source areas (Keller and others, 1988) .
In 1974, the Water Resources Development Act granted authorization and funding for the USACE to construct chloride control structures at area VIII on the South Wichita River ( fig. 1 ). Completed in 1987, the chloride control structure for area VIII consists of an inflatable, 5-foot-high, low-flow collection dam installed across the stream to capture saline water at low flows ( fig. 2 ). The pooled, highly saline water is pumped to a pipeline and transported 23 miles to the Truscott Brine Lake, where much of it evaporates ( fig. 3 ). In 1991, construction of another low-flow collection dam began at area X, located on the Middle Fork Wichita River (fig. 4) Red River Basin which was deflated at the time the photograph in figure 4 was taken. Construction of control structures at area VII has not been initiated.
Description of Monitoring Program
The U.S. Geological Survey (USGS), in cooperation with the USACE, established a network of eight continuous monitoring sites (table 1) in October 1995 to measure streamflow, temperature, and specific conductance in the Wichita River Basin. Discrete samples are collected periodically at the eight streamflow-gaging stations and analyzed for chloride. The chloride and streamflow data were used to develop regression curves for computing chloride loads in the Wichita River. These data were used to evaluate the effectiveness of the low-flow collection dam in reducing the amount of chloride in the Wichita River.
Streamflow
Water surface elevations were measured every 15 minutes from stage sensors at each of the gaged stream sites ( fig. 1) . These values were transmitted hourly from each location 1 Streamflow measured at this gaging station represents diversions through pipeline to Truscott Brine Lake.
2 Continuous records of specific conductance data are not collected.
3 Streamflow regulated by releases from Lake Kemp.
via satellite to the USGS National Water Information System (NWIS). Water surface elevations were used to compute discharge at all locations except site 4, where diversions for chloride control were measured by a flow totalizer on the pipeline (Brent A. Vanderpol, Truscott Brine Lake Civil Engineer Technician, oral commun., 2011). Discrete stream discharge measurements were made by USGS personnel throughout the range in stage at each gaged site. Streamflow measurements and surface-water record computations were done by following the USGS Texas Water Science Center surface-water quality assurance plan and methods outlined by Rantz and others (1982a, b) . Ratings for determining streamflow were developed from a database of measurements made at each location. Streamflow was computed by applying collected real-time stream-gage height information to discharge rating information. Daily mean discharge values are published in the USGS NWIS (U.S. Geological Survey, 2009 ). The upper reaches of the Wichita River Basin consist of small, perennially flowing streams less than 20 feet wide and 1 foot deep during base flow. During base flow, the salt springs have a measurable effect on streamflow and water quality in the Wichita River Basin. For example, flow is continuous at site 1 near area VII during the dry summer months because of inflows from the springs. Compared with other sites in the study area, the amount of flow measured at sites 1 and 2 on the North and Middle Fork Wichita Rivers is disproportionately large compared to the size of the drainage areas gaged by these sites (table 1) .
Streamflow of the South Wichita River is affected by the control structure (low-flow collection dam). The median discharge at site 5, which is immediately downstream from the control structure, is 0.06 cubic foot per second; 6-7 cubic feet per second of the brackish headwaters of the South Wichita River are impounded and diverted to the Truscott Brine Lake (U.S. Geological Survey, 1983-98) . The drainage area gaged by site 6 on the South Wichita River is 584 square miles, yet the median streamflow measured at site 6 is only 1.9 cubic feet per second (table 1). The stream is dry throughout much of the year at this site, which is downstream from chloride control structures.
Discrete Water-Quality Sampling
Discrete water-quality samples were collected every 4 to 6 weeks at each of the streamflow-gaging stations (sites 1-8) ( fig. 1) . The samples were analyzed for major ions, nutrients, and trace metals at the National Water Quality Laboratory (NWQL) in Denver, Colo., with the exception that starting in May 2003, the selenium analyses were done by the USGS laboratory of the Geologic Discipline in Denver, Colo. Methods for the collection of the samples followed the procedures outlined in the USGS National Field Manual, chapter A4 (U.S. Geological Survey, variously dated). Quality-control samples, such as field and equipment blanks, and duplicate samples were collected in order to maintain quality assurance. All data from the discrete environmental samples, including results for quality-control samples, were published in NWIS (U.S. 
Continuous Water-Quality Monitoring
Because water quality in the Wichita River Basin can vary considerably, the USGS used continuous water-quality monitors in addition to discrete sample collection. The waterquality monitors, installed at the gaged sites in the upper Wichita River Basin, were equipped with sensors that measure specific conductance and temperature. Site 5 was the only gaged site in which a continuous water-quality monitor was not installed (table 1) . Water temperature and specific conductance values were collected every 30 minutes and transmitted hourly through a satellite system to NWIS. The continuous waterquality monitors were maintained by frequent checks with verified standards by following guidelines and standard procedures (Wagner and others, 2006) . The sensors require careful field observation, cleaning, and calibration. Detailed procedures for the computation and publication of the data are followed (Wagner and others, 2006) .
Specific conductance generally has an inverse correlation with discharge ( fig. 6 ). USACE uses data collected by the Interquartile range USGS at the gaged sites to help determine when to deflate the dam at site 5. Depending on the measurements of specific conductance at site 5, the dam is often deflated by USACE during periods of high flow to allow runoff from storms to continue downstream. Keller and others (1988) first used daily mean discharge and daily mean specific conductance concentrations to compute loads (the weight per unit time of a constituent material transported by, suspended in, or deposited by water) for the USGSmonitored chloride-control sites in 1968. Baldys and others (1995, p. 5) Where data were sufficient to support the computation, dissolved chloride loads at each gaged site in the basin were estimated and published in the USGS Texas Water Science Center annual water-data reports (U.S. Geological Survey, 1983-98) . The computation of chloride loads was done with regression curves and procedures developed by the USGS Texas Water Science Center (Freeman L. Andrews, U.S. Geological Survey, written commun., 2000) . Chloride load data were used by the USACE to measure the effectiveness of the low-flow collection dam on the removal of chloride from the Wichita River.
Chloride Load Computations

